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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain
foot (ft) 0.3048 meter
gallon (gal) 3.785 liter
inch (in.) 0.2540 millimeter
mile (mi) 1.609 kilometer
pound (Ib) 0.4536 kilogram

Degree Fahrenheit (°F) may be converted to degree Celsius (°C) by using the following equation:
°C =5/9 (°F-32)
°F =9/5 (°C)+32
Sealevel: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived from

a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviations water-quality units used in this report:

mg/L milligrams per liter
meq milliequivalent
mmoles/L = millimoles per liter
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Geochemistry of Selected Aquifers in Tertiary Rocks of
the Upper Colorado River Basin in Wyoming, Colorado,

and Utah

By David L. Naftz

ABSTRACT

The Bridger, Duchesne River, and Uinta
Formations in the Green River Basin and Uinta
Basin of Wyoming and Utah, and the Green River
and Wasatch Formations in the Green River, Great
Divide, Washakie, and Sand Wash Basins of Wyo-
ming and Colorado, contain four important aquifers
within the Tertiary rocks of the Upper Colorado
River Basin. These four aquifers are the Bridger and
Duchesne River-Uinta aquifers of the Green River
Basin and Uinta Basin aquifer systems, the Laney
aquifer (and associated Wilkins Peak confining unit)
of the Green River Basin and Great Divide-
Washakie-Sand Wash Basins aquifer system, and the
Wasatch zone of the Wasatch-Fort Union aquifer of
the Green River Basin and Great Divide-Washakie-
Sand Wash Basins aquifer system. Water-quality
data from these selected aquifers were compiled and
mineralogical data were collected from the rocks
that compose the aquifers; together, these data were
used to show and further define areas of recharge,
discharge, and interaquifer leakage, previously
defined by potentiometric surfaces and projected
flow paths. Water-quality data were compiled from
existing water-quality information that included the
National Water Data Storage and Retrieval System
(WATSTORE) files of the U.S. Geological Survey,
files of Petroleum Data Services in Norman,
Oklahoma, and published reports. Mineralogical
composition of the formations containing each
aquifer was determined from previously published
reports.

Trends associated with the chemical con-
stituents for each of the basin aquifers sometimes are
obscured because of local variations in the aquifer
system and areas of interaquifer leakage. Evolution

of the chemical character of water within each of
these aquifers along projected flow paths is charac-
terized by increasing concentrations of dissolved
solids and decreasing concentrations of exchange-
able divalent cations relative to sodium concentra-
tions. In each of the aquifers, cumulative-frequency
plots identify water with small concentrations of
sodium and fluoride characteristic of recharge areas.
Comparison of molar ratios of calcium to chloride in
the water from each aquifer to the molar ratio of
calcium to chloride for local precipitation indicates
that ratio values in water from each aquifer exceed-
ing the corresponding ratio in precipitation generally
are confined to aquifer recharge areas.

Changes in the concentrations of certain
major and minor chemical constituents in the
Bridger and Duchesne River-Uinta aquifers and the
Wasatch zone of the Wasatch-Fort Union aquifer are
caused by the processes of sodium-magnesium and
sodium-calcium exchange on clay minerals, evapo-
transpiration and subsequent mineral precipitation,
and the leaching of shales. In addition, changes of
concentration are caused by interaquifer leakage and
moving ground water reaching equilibrium with
local calcite, dolomite, fluorite, and carbon dioxide.
In water from the Laney aquifer and the Wilkins
Peak confining unit, the previously noted reactions
for the Bridger and Duchesne River-Uinta aquifers
and the Wasatch zone of the Wasatch-Fort Union
aquifer, coupled with dissolution of saline minerals
from evaporative lake deposits, can be used to
explain the variations in water quality. Because of
the scarcity of water-quality and solid-phase data,
the proposed chemical reactions cannot be substan-
tiated with detailed geochemical speciation, mass-
balance, or reaction-path calculations. Detailed
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geochemical sampling on a local scale would be
needed to develop a reliable and quantitative geo-
chemical model for the aquifers in the study area.

INTRODUCTION

The U.S. Geological Survey began a comprehen-
sive study of ground water in the Upper Colorado River
Basin (fig. 1) in 1981. The objective of the study,
which is part of the Survey’s Regional Aquifer System
Analysis (RASA) program, is to quantitatively assess
the occurrence, movement, and availability of ground
water in the basin.

The Upper Colorado River Basin is character-
ized by both variable physiography and variable cli-
mate. The basin includes parts of four physiographic
provinces: the Middle Rocky Mountains, the Wyo-
ming Basin, the Southern Rocky Mountains, and the
Colorado Plateaus (fig. 2). The basin is bounded by the
Middle Rocky Mountains on the north and west, by the
Southern Rocky Mountains on the east and by the
Wasatch Plateau and other high plateaus on the south
and west. Land-surface altitudes range from 3,100 to
8,000 ft in the intermontane basins to 14,000 ft in the
mountains of Colorado. Arid to semiarid climates
prevail over most of the basin; however, the higher
plateaus and mountains have subhumid to alpine
climatic zones.

Sedimentary basins of the Upper Colorado River
Basin are the Green River Basin, the Uinta Basin, the
Great Divide Basin (internally drained), the Washakie
Basin, the Sand Wash Basin, and the Piceance Basin
(not discussed in this report). Although the aquifer
systems in the Tertiary rocks of these basins are for the
most part hydraulically isolated within individual
basins, several individual aquifers have been identified
in more than one basin. Specifically, some ground
water does move between the Great Divide, Washakie,
and Sand Wash Basins forming one interbasin aquifer
system referred to as the Great Divide-Washakie-Sand
Wash Basins aquifer system.

One of the study approaches used in the Upper
Colorado River Basin RASA was to analyze water-
quality data from selected aquifers together with
mineralogical data from their host rocks to identify
directions of ground-water movement. The selected
aquifers, which are in rocks of Tertiary age, include the
Bridger and Duchesne River-Uinta aquifers in the

Green River Basin and Uinta Basin aquifer systems;
the Laney aquifer (and associated Wilkins Peak con-
fining unit) in the Green River Basin and Great Divide-
Washakie-Sand Wash Basins aquifer systems; and the
Wasatch zone of the Wasatch-Fort Union aquifer in the
Green River Basin and Great Divide-Washakie-Sand
Wash Basins aquifer systems (fig. 1). These aquifers
were selected because adequate water-quality informa-
tion was available for interpretation and they had not
been studied previously. These aquifers principally are
found in the northern half of the Upper Colorado River
Basin of Wyoming, Colorado, and Utah. Due to
inadequate water-quality data and (or) limited areal
extent, other Tertiary formations were not studied.
Changes in water quality along projected flow paths in
the Piceance Basin north of the Colorado River are
summarized by Robson and Saulnier (1981).

Purpose and Scope

This report presents an analysis of available
chemical data from selected aquifers in the Upper
Colorado River Basin to substantiate areas of recharge
to and discharge from each aquifer. In addition, the
report characterizes the possible geochemical controls
causing the observed changes in concentration for
selected major and minor element constituents in each
aquifer.

Data Sources

The water-quality data used to study the geo-
chemistry of water from aquifers in rocks of Tertiary
age are from the National Water Data Storage and
Retrieval System (WATSTORE) files (U.S. Geological
Survey, 1974) of the U.S. Geological Survey, the files
of Petroleum Data Services in Norman, Oklahoma, and
from published reports. Data in the WATSTORE file
generally are from samples collected from wells
developed for water supplies. Water-quality analyses
from Petroleum Data Services generally are for
samples collected by petroleum companies during
drill-stem tests of oil wells. Only a limited amount of
Petroleun Data Services data were used in this report
because sampling interval information was not
available or because contamination by drilling fluids
was suspected.
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